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Abstract. Ant mimicking jumping spiders of the genus Myrmarachne are common on castor plants (Ricinus 
communis) at ten different sites in India. Mimics of Camponotus compressus were the most common, perhaps 
due to the great abundance of their models on plants with extrafloral nectaries, and the similar size of these 
mimics. We also discuss the absence of the model ants at some of our sites, as well as the ecological significance 
of jumping spiders on castor plants. 
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The jumping spiders (Salticidae) constitute the most speciose family of spiders, comprised of 667 genera 
and over 6,000 species (World Spider Catalog, 2022). Apparent (or hypothetical) mimicry by many 
salticids, to include aggressive mimicry and Batesian mimicry of various other arthropod species, has 
been well documented (Edmunds, 1978; Jackson & Wilcox, 1990; Nelson & Jackson, 2009; Reiskind, 
1977). Many salticids display myrmecomorphy, a morphological or behavioral resemblance to ants 
(Cushing, 1997; McIver & Stonedahl, 1993). 


Myrmarachne (sensu latu) MacLeay, 1839 is one of at least 14 genera of ant mimicking spiders in the 
family Salticidae. This mimicry is most likely a form of Batesian mimicry wherein the spiders derive a 
survival advantage by resembling ants, which are considered unpalatable by many predators owing to 
their aggressive nature, strong mandibles, and sting (Reiskind, 1977). Spiders in the genus Myrmarachne 
have many morphological adaptations to enhance their resemblance to their ant models. Common 
modifications include constriction of the spider’s two segmented body to resemble the three segmented 
body plan of the ant, the modification of chelicerae or pedipalps to resemble the mandibles of ants, and 
the use of the first or second pair of legs as antennae (McIver & Stonedhal, 1993). In addition to these 
morphological resemblances, they also show a number of behavioral adaptations, not seen in non-mimic 
salticids, apparently to mimic their ant models. These mimics cover similar distances and have similar 
trajectories as the ants in one round of continuous locomotion and tend to turn while moving (as opposed 
to turning while stationary, which is typical of other jumping spiders). Furthermore, the movement of 
these ant mimicking spiders is interspersed with very short (~100 ms) breaks during which they raise 
the first pair of legs to give the illusion of antennae (Nelson & Card, 2016; Shamble, 2017). 
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The aversion against ants by visual predators has been found to be successfully carried over to ant- 
mimicking spiders, despite the fact that spiders represent a significant portion of the predators’ diet 
(Durkee et al., 2011, Nelson, 2012). Furthermore, some studies have shown that predators that have 
never seen ants avoid preying on ant-mimicking spiders, indicating that this aversion can be innate in 
some predators (Nelson et al., 2006; Huang et al., 2011). Ant-mimicking spiders are usually found in 
close proximity to their ant models. In some cases they can be found in the general vicinity of the 
foraging sites of their model ant, but interactions between them are limited because the spiders tend to 
avoid being present along the routes of the ants (Edmunds, 1978). 


Especially in the tropics and subtropics, ants often congregate at the extrafloral nectaries (EFNs) of 
plants, which are simply nectaries found on plant parts other than flowers. Nectar from these structures 
attracts ants (or, less commonly, other arthropods) that attack or deter herbivores from the plant, 
representing a form of ant-plant mutualism. Ant-mimicking spiders may also be common on EFN- 
bearing plants due to the abundance of their ant models. Here, we studied one EFN-bearing plant, the 
castor plant Ricinus communis (Euphorbiaceae), which is a small to medium sized, soft, wooden plant 
that is widely distributed across the tropics. It is native to Ethiopia in Africa but was introduced as an 
oilseed to the Indian subcontinent thousands of years ago (Anjani, 2014). The castor bean plant produces 
EFNs at the base of petioles, on the leaf laminae, as well as on the peduncles of its imperfect flowers 
(Taylor et al., 2014), and attracts a variety of ant visitors. 


We sampled ant-plant interactions and recorded observations of ant-mimicking spiders on castor plants 
at multiple sites in the Indian subcontinent between April and September 2022. We observed many ant- 
mimicking spiders belonging to the genus Myrmarachne, in addition to many ant species, visiting the 
EFNs of castor plants. Our working hypothesis for this study was that the most common ant mimic spider 
species at each site would be a mimic of the most abundant ant species at that site. 


We sampled sites along a latitudinal gradient in India, covering seven states and ten sites (Table 1, Figure 
1). These sites fall approximately in the central longitudinal region of India (Figure 1) and were selected 
because they had similar green cover, elevation above sea level, and extent of urbanization. We visited 
three different sites in Ramnagar (Ramnagar 1, 2, and 3, Table 2). 


Table 1. Study sites, from north to south in India. 


site latitude, longitude 
1 Ramnagar, Uttarakhand 29.32790°N, 79.05110°E 
2 Aligarh, Uttar Pradesh 27.89420°N, 78.03500°E 
3 Gwalior, Madhya Pradesh 26.22850°N, 78.26020°E 
4 Bhopal, Madhya Pradesh 22.22310°N, 77.33860°E 
5 Nagpur, Maharashtra 21.24960°N, 79.08410°E 
6 Hyderabad, Telangana 17.33040°N, 78.43940°E 
7 Hampi, Karnataka 15.33660°N, 76.46180°E 
8 Bangalore, Karnataka 13.06630°N, 77.52240°E 
9 Srirangam, Trichy, Tamil Nadu 10.86220°N, 78.69530°E 
10 Kanyakumari, Tamil Nadu 8.08370°N, 77.52240°E 


Field work took place between April and September 2022. Each of the 12 sites was searched for a 
thriving population of castor plants, and in every site, 10-20 plants were tagged for observation. Scan 
sampling was carried out on these plants for at least three consecutive days. The scans commenced at 
0:800 and ended at 12:00, with an average interval of 20-minutes between each scan. During each scan, 
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all tagged plants were sequentially searched for arthropods. The presence of ant-mimicking spiders was 
also noted. The plants were inspected in a way that would cause little to no disturbance to the behavior 
of the visiting arthropods. Each observation of an ant mimicking spider (Myrmarachne sp.) was recorded 
with reference to the ant species it appeared to be mimicking. Photographs of the ant-mimicking spiders 
were taken whenever possible. Ant-mimicking spiders were identified by looking closely at their eyes, 
which were arranged in the typical salticid pattern, by observing their behavior, and by observing 
whether they jumped or made webs while descending. Some spiders were easy to identify because the 
quality of their mimicry was poor. 
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Figure 1. Study sites in India. 


Across the ten sites, we observed Myrmarachne species mimicking at least seven different ant species 
(Table 2, Figure 2). In most instances (61.4% of observations), model ants were present on either the 
same plant or on one or more of the tagged plants in the site, whereas 36.4% of the time, model ants were 
absent. Most Mymarachne species were associated with common, widespread ant genera, especially 
Camponotus, Polyrhachis, Crematogaster, and Tetraponera, but the ant mimics we observed at any one site 
did not necessarily match the most abundant ant species that we found during at that site. For 45.5% of 
our records, the most common ant species that spiders appeared to mimic was Camponotus compressus, 
and Myrmarachne kuwagata was the most frequently observed spider species to associate with this ant. 
At 13.6% of observations, Camponotus sericeus was the second most common model, followed by 
Crematogaster sp., Tetraponera rufonigra, Camponotus parius, Oecophylla smaragdina, and Meranoplus 
bicolor. 
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Table 2. Incidence of ant mimic spiders on castor plants across the Indian subcontinent. The presence of model ant species 
was determined based on whether we saw that model ant species on any of the plants in the population that we sampled at 
each site. For the most abundant ant species, we omitted ant species that are typically much smaller in size than Myrmarachne 
sp. spiders to compare spider observations to ant species that they appear to mimic. Abundance data was not available for 
sites marked NA. 


ant model spider (if known) spider site mode any most abundant ant 
count present? 
Crematogaster sp. Myrmarachne sp. 1 Srirangam no Camponotus irritans 
Crematogaster sp. Myrmarachne sp. 1 Nagpur no Camponotus compressus 
Crematogaster sp. Myrmarachne sp. 2 Aligarh no Camponotus compressus 
Crematogaster sp. Myrmarachne sp. 1 Ramnagar 1 yes Crematogaster sp. 
Camponotus compressus, Polyrhachis sp. |Myrmarachne kuwagata Yaginuma, 1967 3 Nagpur yes Camponotus compressus 
Camponotus compressus, Polyrhachis sp. | Myrmarachne kuwagata 1 Gwalior yes Camponotus compressus 
Camponotus compressus, Polyrhachis sp. |Myrmarachne kuwagata 2 Aligarh yes Camponotus compressus 
Camponotus compressus, Polyrhachis sp. Myrmarachne kuwagata 1 Bangalore yes Camponotus parius 
Camponotus compressus, Polyrhachis sp. | Myrmarachne kuwagata 2 Hampi yes Polyrhachis sp. 
Camponotus compressus, Polyrhachis sp. | Myrmarachne kuwagata 2 Bhopal yes Camponotus compressus 
Camponotus compressus, Polyrhachis sp. | Myrmarachne kuwagata 2 Ramnagar 1 yes NA 
Camponotus compressus, Polyrhachis sp. |Myrmarachne kuwagata 3 Ramnagar 2 yes Crematogaster sp. 
Camponotus compressus, Polyrhachis sp. |Myrmarachne kuwagata 4 Ramnagar 3 yes NA 
Camponotus sericeus Myrmarachne sp. 1 Kanyakumari yes Crematogaster sp. 
Camponotus sericeus Myrmarachne sp. 1 Bangalore no Camponotus parea 
Camponotus sericeus Myrmarachne sp. 1 Hyderabad yes Crematogaster sp. 
Camponotus sericeus Myrmarachne sp. 1 Hampi no Polyrhachis sp. 
Camponotus sericeus Myrmarachne sp. 1 Bhopal no Camponotus compressus 
Camponotus sericeus Myrmarachne sp. 1 Srirangam unknown |Camponotus irritans 
Tetraponera rufonigra Myrmarachne melanocephala MacLeay, 1839 |1 Bangalore no Camponotus parius 
Tetraponera rufonigra Myrmarachne melanocephala 1 Hampi no Polyrhachis sp. 
Tetraponera rufonigra Myrmarachne melanocephala 1 Ramnagar 1 no NA 
Tetraponera rufonigra Myrmarachne melanocephala 2 Pamnagar 2 no Crematogaster sp. 
Oecophylla smaragdina Myrmaplata plateleoides (0. Pickard- 2 Hampi no Polyrhachis sp. 
Cambridge, 1869 

Camponotus parius Myrmarachne sp. 1 Ramnagar 1 yes NA 
Camponotus parius Myrmarachne sp. 2 Ramnagar 3 yes NA 
Meranoplus bicolor Myrmarachne sp. Srirangam yes Camponotus irritans 


We observed ant mimic spiders across the full latitudinal range where we sampled castor in India, from 
29.3°N south to 8.1°N. We found ant mimicking spiders in each of the ten sites that we sampled, although 
we had too few data points to draw any conclusions on spider diversity. The Myrmarachne species we 
observed on the castor plant appear to be Batesian mimics of different ant species. Batesian mimicry is 
usually associated with a learned aversion to unpalatable prey by predators, which also benefits the 
palatable mimic (Uésugi, 1996). Moreover, for mimicry to be most effective, the number of models should 
be much higher than the number of mimics (Lindström et al., 1997). Ant-mimicking spiders are usually 
found in close proximity to their ant models (Edmunds, 1978), apparently to derive the full protective 
benefits of their mimicry. Thus the presence of ant-mimicking spiders on the castor plants, with their 
abundant ants, can be expected. 


Camponotus compressus was the most common ant model in our study. This agrees with the observation 
that it frequents plants with extrafloral nectaries (Kumari & Rastogi, 2018). Camponotus compressus may 
also be a common model because these adult Myrmarachne spiders are similar in size. Ant-mimicking 
spiders may exhibit transformational mimicry, whereby they mimic different ant species during different 
stages of their lifecycle, corresponding to the model’s size (Cushing, 1997). Therefore, it is possible that 
the spiders mimicking smaller ant species like Crematogaster sp. and Meranoplus bicolor were sub-adult 
instars. 
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In many cases, the apparent model ants were not observed at the same site as the mimics. There could be 
a number of explanations for the absence of our model ants (Table 3). 


Table 3. Some possible explanations for the lack of model ants at a site frequented by their ant-mimics. 


1 |Ant models were missed during sampling; the model ant species may have been present on untagged plants in the same 
population. 


2 |Spiders do not always hunt where their models are found since ants are continuously relocating their nests to find 
favorable conditions with better resources and less competition (Smallwood, 1982). 


3 |/There were temporal differences in the foraging period between the ants and the ant-mimicking spiders. 


Innate (not learned) aversion in arthropod predators against ants and ant mimics has been documented before (Nelson & 
Jackson, 2006; Huang et al., 2011). Hence, it is possible that the ant mimicking spiders depend on the innate aversion of 
their ant model for protection rather than their physical presence. 


5 |At many of our sites, we observed the same spider on the same plant for days. Female spiders were commonly observed 
foraging in proximity to their nests on castor leaves (Figure 4). These observations suggest that spiders may be confined to 
certain plants even when their ant models are no longer present on them since they are nursing a developing brood of 
spiderlings. 


d PS Bae dee , ~ 
Figure 2. Ant-mimicking jumping spiders observed during our sampling of castor plants across India (associated ant species, 
or hypothetical models, in parentheses). A, Myrmarachne melanocephala female (Tetraponera rufonigra), Ramnagar. B, 2 
Myrmarachne sp. (Camponotus sericeus), Kanyakumari. C, 9 Myrmaplata plataleoides (Oecophylla smaragdina), Hampi. D, 3 
Myrmarachne kuwagata (Camponotus compressus), Aligarh. E, ° Myrmarachne sp. (Crematogaster sp.), Srirangam. F, Ọ 
Myrmarachne kuwagata female drinking nectar from an extrafloral nectary on a castor plant, Ricinus communis, Gwalior. 
Photographs by Pooja Nathan. 
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In some instances (Figure 2F), we observed that the spiders were feeding on the extrafloral nectaries. 
Nectar feeding is common in salticid spiders (Jackson et al., 2001). Salticid spiders may be a yet 
unstudied mutualistic partner of EFN-producing plants, since they may also consume some of the plant’s 
herbivores in addition to nectar from EFNs. We observed several different species of salticid spiders on 
castor plants in addition to spiders in the genus Myrmarachne sensu latu (Figure 3). These spiders may 
either prey on the ants, or feed at the EFNs. Our observations suggest that salticids are frequently 
associated with castor plants. The contributions of salticid spiders, especially those in the genus 
Myrmarachne, to the ecology and evolution of EFN producing plants such as the castor plant, have yet to 
be investigated and may serve as a useful system to study mimicry, mutualisms, and tritrophic 
interactions. 


aly 


Figure 3. Non-mimicking salticids observed on castor plants. A, 3 Thyene imperialis (Rossi, 1846). B, Immature Carrhotus 
viduus (C. L. Koch, 1846), a species known to associate with ants (Hill et al., 2021; Khalap & Hill, 2022). C, 2 Hyllus 
semicupreus (Simon, 1885). D, Madhyattus sp. 
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Figure 4. 9 Myrmarachne kuwagata in her nest on a castor leaf. 
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